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abstract. Rapid turnover proteins, such as transferrin (Tf), are used as dynamic nutritional assessment proteins in human medicine. How- 
ever, nutritional status in veterinary medicine is mostly assessed on the basis of classical static factors, such as body weight, body condition 
score and plasma albumin level. This study evaluated the clinical usefulness of Tf as a nutritional assessment marker by measuring plasma 
Tf concentrations in malnourished dogs before and after nutritional treatment. Posttreatment plasma Tf concentrations were significantly 
higher than the pretreatment concentrations, although the albumin concentration did not change significantly. The numbers of dogs that 
exhibited increases in plasma Tf concentrations were significantly related to weight gain. Furthermore, the survival rates at day 60 after 
treatment initiation were significantly higher in dogs with plasma Tf concentrations above the reference value (180 mg/dZ) after the nutri- 
tional treatment than in those with a plasma Tf concentration-^ 80 mg/d/. In conclusion, the plasma Tf concentration is related to nutritional 
condition and would be a candidate for a novel nutritional assessment marker in dogs. 
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Malnutrition negatively affects the recovery process in 
various diseases. Compromised immune function and de- 
layed wound healing are reported in humans with malnutri- 
tion [3, 9, 26, 27, 30, 32, 35]. Effective nutritional therapy 
improves mortality in malnourished surgical patients or 
seriously ill patients [11, 16, 19, 29]. Nutritional assessment 
should be the first step to provide appropriate nutritional 
treatment [22]. 

In dogs, malnutrition during hospitalization is reported to 
impair clinical signs and prognosis [4, 25]. The nutritional 
status of diseased dogs is currently estimated on the basis 
of body weight [2, 17, 18], body condition score (BCS) 
[17, 18] and several serum biochemical values [17]. Body 
weight change is the most reliable factor for assessing nutri- 
tional status. However, it is a static factor and does not reflect 
short-term changes. In addition, fluid accumulation in the 
third space directly affects body weight, making assessment 
difficult. Although BCS is a convenient and noninvasive 
method for estimating the nutritional status of dogs, it is a 
subjective marker and is influenced by body size and shape 
among different breeds. The plasma albumin concentration 
is a biochemical parameter commonly used to assess nutri- 
tional status in dogs [17]. As the half-life of albumin is 20 
days in humans [33] and 8.2 days in dogs [6], it is expected 
to be a short- to medium-term nutritional assessment marker. 
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However, the plasma albumin concentration is readily influ- 
enced by fluid accumulation, hepatic function and protein 
loss from the gut and kidneys. In addition, it rarely decreases 
unless malnutrition is in the advanced stage, possibly in 
part because of the large capacity of the liver to synthesize 
albumin [28]. 

Tf is mainly synthesized in the liver and plays an impor- 
tant role in iron transport [14]. Decreased intestinal protein 
uptake promptly reduces Tf production, which directly de- 
pletes the plasma Tf concentration [5, 10]. We previously 
reported that plasma Tf concentrations are decreased in 
experimentally induced undernourished dogs, suggesting 
that Tf may be a dynamic nutritional marker in dogs [21]. 
Therefore, this study evaluated the relationships between 
plasma Tf concentration and the nutritional condition and 
prognosis in diseased dogs receiving nutritional treatment. 

MATERIALS AND METHODS 

Dogs and nutritional treatment: Thirty-three dogs referred 
to the Veterinary Medical Center of the University of Tokyo 
with clinical signs of anorexia (i.e., taking<50% of the rest- 
ing energy requirement [RER] per day over 3 days) were 
included in this study. Caloric intake was estimated on the 
basis of interviews with the dogs' owners before nutritional 
treatment. RER was calculated by the following formula: 
RER=70 x (body weight in kg) 075 [4]. All dogs received 
nutritional treatments that met their respective RER through 
oral-assisted feeding (OF), enteral-assisted feeding (EF) 
including esophagostomy, gastrostomy or jejunostomy tube 
feeding, or parenteral-assisted feeding (PF). The OF and EF 
dogs, except for jejunostomy tube feeding, were fed mainly 
semi-digestion liquid diet (CliniCare, Abbott Laboratories, 
Abbott Park, IL, U.S.A.) or high density diet (a/d, Hill's 
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Pet Nutrition, Topeka, KS, U.S.A.)- For jejunostomy tube 
feeding, a highly digested nutrition agent (Convalescence 
Support, Royal Canin, Aimargues, France) was used. The 
PF dogs received continuous intravenous fluids prepared by 
mixing dextrose, lipid and amino acid products to meet the 
RER for each patient. Body weight, BCS and plasma Tf and 
albumin concentrations were monitored in all dogs before 
and after the nutritional treatment. Dogs with incomplete 
medical records or liver failure were excluded from this 
study. 

Subject characteristics: For the purpose of evaluating the 
relationships between the plasma Tf concentration and the 
effect of nutritional treatment, dogs with pleural effusion 
and ascites were excluded in order to accurately measure 
body weight changes. Twenty-one of the 33 anorexic dogs 
were included for this purpose; 9 were female (3 intact), and 
12 were male (6 intact). The median age was 113 months 
(range: 7-173 months), and the median BCS was 2/5 (range: 
1-3). The primary disease causing malnutrition was chronic 
inflammatory gastrointestinal disease in 6 dogs; pancreatitis 
in 3 dogs; pyloric stenosis in 2 dogs; and lymphangiosarco- 
ma, gastric adenocarcinoma, gastric delayed emptying, oral 
melanoma, holoprosencephaly, gastrointestinal lymphoma, 
esophageal diverticulum, megaesophagus, myelodysplastic 
syndrome and encephalomyelitis in 1 dog each, respectively. 
The nutritional treatments performed included OF only 
(n=ll), EF (n=5), PF (n=l) and both EF and PF (n=4). 

For the purpose of evaluating the association between Tf 
and prognosis, neoplastic diseases were excluded, and dis- 
eases were restricted to the chronic inflammatory gastroin- 
testinal diseases. Twenty dogs histopathologically diagnosed 
with chronic inflammatory gastrointestinal diseases were 
recruited. Nine dogs were female (2 intact), and 11 were 
male (10 intact). The median age was 105.5 months (range: 
58-174 months), and the median BCS was 2/5 (range: 1-3). 
Fifteen dogs were diagnosed with chronic enteritis, 3 were 
diagnosed with chronic gastritis accompanying pyloric 
stenosis, and 1 each was diagnosed with chronic colitis and 
functional ileus. Six of the 20 dogs had apparent ascites due 
to hypoalbuminemia as a result of protein-losing enteropathy 
(PLE). The nutritional treatments included OF only (n=9), 
EF (n=3), PF (n=6) and both EF and PF (n=2). 

Measurement of plasma Tf and albumin concentrations; 
Fasting plasma was separated from heparinized blood and 
immediately stored at -20°C. Plasma Tf concentrations were 
determined using a commercial kit (Canine Transferrin ELI- 
SAkit, GenWay Biotech, San Diego, CA, U.S.A.) according 
to the manufacturer's protocol; all samples were measured 
in duplicate. Plasma albumin concentrations were measured 
using a biochemical analyzer (DRI-CHEM 7000V: Fujifilm 
Corporation, Tokyo, Japan). Plasma Tf and albumin concen- 
trations were measured at the onset of nutritional treatment 
(pretreatment) and after treatment (posttreatment). The in- 
terval between both time points ranged from 8-30 days. The 
reference value for the plasma Tf concentration was 180 mg/ 
dl according to the lower limit of the reference range (i.e., 
mean - 2SD) for healthy dogs [21]. The reference value for 
the plasma albumin concentration was 2.6 g/dl according to 



the lower limit of our reference range. The survival rate at 
day 60 after the initial treatment was assessed in each group. 

Statistical analysis: Statistical analyses were performed 
using JMP version 9 (SAS Institute, Cary, NC, U.S.A.). The 
Wilcoxon Signed-Rank Test was used to compare the pre- 
and posttreatment plasma Tf and albumin concentrations. 
The Fisher's exact test was used to compare the proportion 
dogs categorized by plasma Tf and albumin concentrations 
and body weight change. The survival rates at 60 days after 
the initiation of nutritional treatment were analyzed using 
the log-rank test. The level of statistical significance was set 
atP<0.05. 

RESULTS 

Changes in plasma Tf and albumin concentrations before 
and after nutritional treatment: Plasma Tf and albumin 
concentrations were compared before and after nutritional 
treatment. The median plasma Tf concentrations before and 
after treatment were 150 mg/d/ (range: 71-320 mg/d/) and 
190 mg/d/ (range: 39-390 mg/d/), respectively. The median 
plasma albumin concentrations before and after treatment 
were 2.8 g/dl (range: 2.1-3.9 g/dl) and 3 g/dl (range: 1.6-3.9 
g/dl). Plasma Tf concentrations were significantly higher 
after treatment than before treatment (P<0.05) (Fig. 1A). In 
contrast, plasma albumin concentrations did not differ be- 
tween before and after treatment (P=0.5766) (Fig. IB). 

The changes in plasma Tf and albumin concentrations 
and body weight in each case were subsequently analyzed. 
Among 15 dogs showing increased plasma Tf concentra- 
tions, 10 dogs showed increases in body weight. By contrast, 
only 1 of the 6 dogs that did not show a change or decrease in 
plasma Tf concentration showed an increase in body weight. 
The proportion of dogs that exhibited increases in plasma 
Tf concentrations was significantly related to weight gain 
(P<0.05) (Table 1). Meanwhile, the numbers of dogs that 
showed increased plasma albumin concentrations were not 
significantly related to weight gain (P=0.4663). 

Next, the number of dogs with plasma Tf concentrations 
above the reference range (i.e.,>180 mg/d/) was examined 
[21]. Nine of 11 dogs with increased body weight and 5 of 
10 dogs without increase of body weight had >180 mg/d/ 
plasma Tf concentrations after treatment, respectively. The 
number of dogs with plasma Tf concentrations >180 mg/d/ 
was not significantly related to body weight gain (P=0. 1223) 
(data not shown). 

Survival rates 60 days after nutritional treatment initia- 
tion: The dogs were divided into 2 groups according to the 
Tf and albumin concentrations: plasma Tf concentrations 
before or after treatment >180 and <180 mg/d/ and plasma 
albumin concentrations before or after treatment >2.6 and 
<2.6 g/dl. The survival rates 60 days after the initiation of 
treatment for each group are summarized in Table 2. There 
was a significant difference in the survival rate 60 days after 
treatment between dogs with posttreatment plasma Tf con- 
centrations >180 mg/d/ and those with posttreatment plasma 
Tf concentrations <180 mg/d/ (P<0.05). The survival rates 
60 days after treatment were also significantly different 
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Fig. 1. Plasma transferrin (Tf) (A) and albumin (B) concentrations before and after nutritional treatment. Data 
are presented as the median with the 25th-75th percentile range in each box plot. Whiskers indicate the highest 
and lowest data points. Dotted lines show the lower limit of the reference ranges of plasma (A) Tf (i.e., 180 
mg/d/) and (B) albumin (i.e., 2.6 g/d/) concentrations. Pre, pretreatment; Post, posttreatment; Tf, transferrin. A 
significant difference was observed between the pre- and posttreatment Tf concentrations (P<0.05), but not for 
the albumin concentrations (P=0.5766). 



Table 1 . Plasma transferrin, albumin concentration and body weight change in dogs with various primary 
diseases, but without pleural effusion and ascites 









Body weight 








Increased 
(n=ll) 


Not changed or decreased b) 
(n=10) 


P values 


Transferrin 


Increased (n=15) 

Not changed or decreased (n=6) 


10 
1 


5 
5 


0.0382* 


Albumin 


Increased (n=8) 

Not changed or decreased (n=13) 


5 
6 


3 
7 


0.4663 



* Statistically significant by Fisher's exact test, a) Number of dogs showing increased body weight after the nutri- 
tional therapy, b) Number of dogs in which body weight did not change or decreased after the nutritional therapy. 



Table 2. Plasma transferrin, albumin concentration and survival rate on day 60 after the 
nutritional treatment in dogs histopathologically diagnosed with chronic inflammatory 
gastrointestinal diseases 





Evaluation criteria 




Survival rate (%) 


P value 


Before treatment 


Transferrin (mg/d/) 


> 180 (m 
< 180 (n= 


=5) 
=15) 


60 
40 


0.4655 




Albumin (g/d/) 


> 2.6 (n= 
< 2.6 (n= 


=9) 
=11) 


78 
18 


0.0234* 


After treatment 


Transferrin (mg/d/) 


> 180 (n= 
< 180 (n= 


=9) 
=11) 


78 
18 


0.0147* 




Albumin (g/d/) 


> 2.6 (n= 
< 2.6 (n= 


=7) 
=13) 


71 
31 


0.1176 



Statistically significant by the log-rank test. 
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between dogs with pretreatment plasma albumin concentra- 
tions >2.6 g/d/ and those with pretreatment plasma albumin 
concentrations <2.6 g/d/ (P<0.05). 

DISCUSSION 

We previously reported that plasma Tf concentrations 
decrease in both anorexic dogs with various diseases and 
experimentally induced undernourished dogs [21]. The 
present results show that plasma Tf concentrations changed 
depending on nutritional state after nutritional treatment. 
Furthermore, the results suggest that Tf concentrations after 
nutritional treatment would be indicative of the prognosis of 
malnourished dogs with gastrointestinal diseases. 

The plasma Tf concentrations increased significantly in 
many of the malnourished dogs that gained weight after 
nutritional treatment. Although the rate of change varied 
among cases, the variation in the plasma Tf concentrations 
during nutritional treatment could be a useful marker in dogs 
as well as humans [12, 20, 34]. By contrast, the plasma albu- 
min concentrations did not change significantly before and 
after treatment. This is considered to be due to the relatively 
large body pool of albumin in dogs. Therefore, nutritional 
condition is not reflected by an increased plasma albumin 
concentration. 

The survival rate at day 60 after nutritional treatment was 
significantly higher in dogs with a plasma Tf concentration 
>180 mg/d/. Therefore, the plasma Tf concentration level 
after nutritional treatment is a candidate prognostic factor 
for malnourished dogs. In human medicine, patients with 
higher serum Tf concentrations have longer survival times 
than those with lower Tf concentrations [13, 24]. The pres- 
ent results are concordant with these human studies. Another 
study showed that an increase in plasma Tf concentration 
within 4-7 days after the initiation of treatment is associ- 
ated with better prognosis [23]. As the interval between the 2 
measurement points (i.e., before and after treatment) varied 
among cases (range: 12-29 days) in this study, it is necessary 
to evaluate the appropriate monitoring time for plasma Tf 
concentrations during nutritional treatment. The reference 
value used in the present study, 180 mg/d/, was defined on 
the basis of the data of healthy dogs in our previous study 
[21]. According to the present data, this reference value may 
be appropriate when using the plasma Tf concentration as a 
clinical marker of nutritional condition. 

Lower plasma albumin concentrations before treatment 
also influenced the survival rates. Considering that 6 dogs 
with low plasma albumin concentrations at the onset of treat- 
ment were diagnosed with PLE and that hypoalbuminemia is 
reported to be a prognostic factor of canine chronic enterop- 
athy [1], the significance of the association between survival 
rate and albumin concentration before treatment is indicative 
of the severity of PLE itself. As rapid turnover proteins, such 
as Tf, exhibit preserved blood levels even in human patients 
with PLE [31], Tf could be especially useful for assessment 
of the nutritional conditions in dogs with PLE. 

This study has several limitations that should be ad- 
dressed. First, various diseases including malignant tumors 



were included to evaluate the association between plasma 
Tf concentrations before and after nutritional treatment. The 
type of disease and its severity could affect the plasma Tf 
concentrations. Tf is reported to decrease with infection or 
inflammation; moreover, the plasma Tf and C-reactive pro- 
tein (CRP) concentrations are reported to be negatively cor- 
related [7, 8, 15]. However, CRP was not measured in many 
dogs in the present study. Second, several nutritional thera- 
pies including force feeding, enteral and parenteral feeding 
and surgery were administered in this study. For example, 
parenteral intravenous feeding may affect Tf concentrations 
by altering protein synthesis in the liver. Therefore, addi- 
tional studies using greater numbers of dogs with a single 
disease and the same nutritional treatment are required. 

In conclusion, to the best of our knowledge, this is the first 
study demonstrating the clinical usefulness of the plasma 
Tf concentration as a nutrition assessment marker in dogs. 
Monitoring the plasma Tf concentration together with the 
conventional static markers albumin, body weight and BCS 
could be useful for evaluating nutritional status and progno- 
sis during nutritional treatment in dogs. 
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